An epidural neoplasm was removed from the right side of the third cervical vertebra of a Blue Tick Hound dog. By light microscopy the tumor was classified as a syncytial meningioma containing psammoma bodies that were histochemically positive for calcium salts, but negative for reticulum fibers and collagen. Ultrastructurally. the tumor cells had numerous processes and desmosomes. Cytoplasmic fibrils were sparse. Coated cytoplasmic vesicles frequently were fused with plasma membranes. The psammoma bodies were not within the cytoplasm, but were in spaces continous with the extracellular space. The bodies were composed of a medium electron-dense matrix; a crystalline, highly electron-dense center; and, sometimes, short fibrils embedded in the granular matrix.
Materials and Methods
Tissues were fixed in 10% neutral buffered formalin for light microscopy. Paraffin-embedded tissues were sectioned and stained with hematoxylin and eosin (HE), von Kossa's for carbonates and phosphates, periodic acid-Schiff (PAS) for polysaccharides, Gomori's for reticulum fibers, McGee-Russell's alizarin red S for calcium and Perk' iron for ferric iron. Sections stained with HE were examined under polarized light.
Part of the mass was fixed in 3% cacodylate-buffered glutaraldehyde and processed by a rapid method [3] for electron microscopy. Orientation sections were stained with I% toluidine blue in I% aqueous sodium borate for light microscopy. Thin sections of epon-embedded tissue were stained with 2% methanolic uranyl acetate and Reynolds' lead citrate [ 131. Sections were examined and photographed with an electron microscope.
Results
Grossly, the right side of the third cervical vertebra was necrotic, with a friable, dark red mass compressing the spinal cord. The mass, which resembled bone marrow or a thrombus, was epidural and attached to the wall of the vertebral canal. The mass was about 5x 10x25 millimeters.
Light microscopy of the primary mass showed a highly vascular neoplasm composed of plump, polyhedral cells that tended to form small lobules ( fig. 1 ). Cell boundaries were indistinct. Eosinophilic, hyaline psammoma bodies were in many cells, as well as in the walls of some arteries. Some of the larger bodies were concentrically laminated.
Small islands of neoplastic cells were in the fascia and between fibers of the cervical epaxial muscles. The neoplasm had infiltrated into the body of the third cervical vertebra. Small clusters of ceIIs similar to those comprising the epidural mass also were found in the subdural space of the cervical spinal cord.
The psammoma bodies were PAS positive. Alizarin red S and von Kossa stains were positive also, indicating the presence of phosphate or carbonate salts of calcium in the bodies. Reticulin fibers were not seen, and birefringence was restricted to normal collagen in the walls of medium-sized arteries. Psammoma bodies were not birefringent. The peripheries of psammoma bodies were faintly positive for iron.
Ultrastructurally, the tumor cells had typical features of meningioma cells (fig. 2):
cell processes, desmosomes and cytoplasmic fibrils. Nuclei were large and ovoid, containing finely dispersed chromatin and single, prominent nucleoli. The cells contained large mitochondria and well developed, often multiple, Golgi apparatuses. Cytoplasmic fibrils were sparse and adjacent to plasma membranes. Whorls of fibrils were not seen.
In the cytoplasm, there were numerous small, coated vesicles that contained material of medium electron density ( fig. 3 ). This material resembled that within cisternae of rough endoplasmic reticulum. The coated vesicles often were fused with plasma membranes.
Cytoplasmic processes varied greatly in size and appeared to be blunt extensions of the cell rather than long, intertwined cell processes. Parallel plasma membranes often formed deeply invaginating channels into cells. Focal dilations of these channels were filled with electron-dense material and formed microscopic psammoma bodies, which were not intracytoplasmic, but lay in spaces that were continuous with the extracellular space ( fig. 3 ). Larger psammoma bodies often compressed the nucleus (fig. 4 ). The psammoma bodies were from 2 to about 30 micrometers and were irregular in outline. They were composed of three components: a finely granular material of medium electron density; a highly electron-dense crystalline material; and, in some areas, short fibrils having no internal periodicity and a diameter slightly larger than that of cytoplasmic fibrils ( fig. 3 ). The granular material formed a matrix for the other two components.
Discussion
This tumor was classified as a syncytial (meningotheliomatous) meningioma based on the polygonal cell type, the lack of a whorling arrangement of cells and the lack of co;,agen within clusters of tumor cells. The transitional (psammomatous) meningioma is characterized by the spindle cell type, the presence of a whorling arrange- ment of cells, and by the presence of psammoma bodies [14] . Although it is not typical for syncytial meningiomas, the neoplasm reported here contained calcified hyaline bodies that resembled psammoma bodies.
The deposition of hyaline, calcified foci in meningiomas may be correlated with activities of normal cells of the arachnoid villus, from which meningiomas are thought to arise [ 141. Cells of the arachnoid villus have a fluid-secreting capability [ 101 and form psammoma bodies as a normal consequence of ageing [ 161.
The hyaline bodies we saw differ significantly from previously described psammoma bodies (table I) . The hyaline bodies we describe also do not resemble other types of hyaline bodies in meningiomas, such as collagen bodies [8] , hyalinizing cellular whorls [4] , or pseudopsammoma bodies [6] . The term psammoma body has been applied to several types of calcified structures. When used to describe meningiomas, the term usually refers to a calcified focus surrounded by whorls of degenerating cells. Psammoma body, however, also has been used to describe sand-like, calcified foci in a variety of normal [16] and neoplastic tissues, including ovary, thyroid and skin [ I , 7, 17, 181. The word psammoma is derived from the Greek psammos, meaning sand; therefore, in the strict sense, psammoma refers only to the gritty, mineralized structure and not to the arrangement of cells that surround the 9, 121 Bracketed numbers refer to text references. structure. We feel it is appropriate to label the calcified foci in the tumor reported here as psammoma bodies, which may represent a variant type formed by meningioma cells that have no inherent tendency to form whorls. The mechanism of psammoma body formation and development is uncertain. It has been suggested that collagen or degenerating cells are necessary to initiate calcification in psammoma bodies [2, 4, 8, 91 . Because psammoma bodies in our neoplasm were formed without these components, it seems that there is more than one type of psammoma body, or that collagen and degenerating cells are not necessary for psammoma body initiation. Collagen and cell remnants may be trapped incidently within psammoma bodies in those meningiomas characterized by a strong whorling growth pattern. It is attractive to suppose that psammoma body development in both syncytial and transitional meningiomas is initiated by the fusion of fluid-filled vesicles with plasma membranes. Fluid-filled dilations of the extracellular space are in syncytial meningiomas, as shown here, and also in early stages of transitional meningiomas [lo] . The fluid-filled spaces may serve as centers for the subsequent deposition of calcium salts forming what is then recognized as a psammoma body.
